arXiv:hep-ex/0503019 v1 10 Mar 2005

Pentaquarks: review of the experimental evidence

Sonia Kabana† §

† Laboratory for High Energy Physics, University of Bern, Sidlerstrasse 5, 3012 Bern, Switzerland

Abstract. Pentaquarks, namely baryons made by 4 quarks and one antiquark have been predicted and searched for since several decades without success. Theoretical and experimental advances in the last 2 years led to the observation of a number of pentaquark candidates. We review the experimental evidence for pentaquarks as well as their non-observations by some experiments, and discuss to which extend these sometimes contradicting informations may lead to a consistent picture.

1. Introduction

Pentaquarks is a name devoted to describe baryons made by 4 quarks and one antiquark. Exotic pentaquarks have an antiquark with different flavour than their quarks e.g. uudds. For recent reviews on pentaquarks see [1, 2]. Pentaquarks have been predicted long time ago e.g. [3, 4, 5]. Pentaquark searches were performed already in the 60’ies but few candidates found have not been confirmed [6]. However, recent significant advances in theoretical [5] and experimental work led to a number of new candidates in the last 2 years of searches [7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20].

Several models predict the multiplet structure and characteristics of pentaquarks for example the chiral soliton model, the uncorrelated quark model, correlated quark models, QCD sum rules, thermal models, lattice QCD etc. (e.g. [5, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32]). The current theoretical description of pentaquarks does not lead to a unique picture on the pentaquark existence and characteristics, reflecting the complexity of the subject. For example the observed mass splitting between Ξ^{−−}(1860) and θ^+ (1530) is unexpected or not allowed by some authors like the old predictions of the soliton model [33, 5] and expected by others e.g. new calculations of the soliton model [25, 34]. Furthermore, lattice calculations give very different results to the questions if pentaquarks exist and which mass and parity they have.

In the following, we review the experimental observations of pentaquark candidates, as well as non-observations of candidates by some experiments. We discuss to which extend these sometimes contradicting informations may lead to a consistent picture.

§ (sonja.kabana@cern.ch)

Pentaquarks: review of the experimental evidence 2

2. Observations of pentaquark candidates

θ^+_s : uudds The first prediction of the mass of the state uudds [4] using the chiral soliton model was m(uudds) = 1530 MeV. A recent updated study within this model has shown that this value has a systematic error of the order of ± 100 MeV [25].

Figure 1. Left: Invariant mass nK^+ measured by the CLAS Collaboration. Right: Invariant mass K^0_s p(p) measured by the Zeus Collaboration.

Recent advances in theoretical description of pentaquark characteristics, in particular the prediction of the width of θ^+( uudds) with spin=1/2 to be below 15 MeV [5] as well as in experimental methods and instrumentation [7] lead to the first observation of a candidate for the θ^+ ( uudds) in the γn → θ^+ K^− → K^+nK^− reaction by the LEPS collaboration. They used γ beam with energy 1.5-2.4 GeV. They found m( θ^+ ) = 1540 ± 10 ± 5 (syst) MeV, width less than 25 MeV and S/ √ B = 19/ √ 17= 4.6.

The neutron was inferred by missing mass measurement.

Recent preliminary analysis of new data taken recently by LEPS lead to a confirmation of the seen peak with about 90 entries in the peak above background, as compared to 19 measured previously [35].

This first observation were followed by a number of experiments which have seen the θ^+ candidate peak. The DIANA collaboration at ITEP (bubble chamber experiment) used K^+ beam with energy 850 MeV on Xe and have observed a peak in the invariant mass K^0_s p from the reaction K^+Xe → K^0_s pXe^′ [11]. They found m( θ^+ ) = 1539 ± 2 MeV, width less than 9 MeV and S/ √ B = 4.4.

The SAPHIR collaboration at ELSA used γ beam with energies 31-94% of 2.8 GeV on H and have observed a peak in the invariant mass nK^+ from the reaction γp → θ + K^0_s → nK^+K^0_s [9]. They found m( θ^+) = 1540 ± 4 ± 2 MeV, width less than 25 MeV and S/ √ B = 5.2.

The HERMES collaboration at DESY used e^+ beam with energy 27.6 GeV on deuterium and have observed a peak in the invariant mass pK^0_s [12]. They found m( θ^+ ) = 1528 ± 2.6 ± 2.1 MeV, width 17 ± 9 ± 3 MeV and S/ √ B = 4.2 to 6.3.

While the signal to background ratio in the above publication is 1:3, new analysis lead

Pentaquarks: review of the experimental evidence 3

Figure 2. Left: Invariant mass D^{∗−}p and D^{∗+} p measured by the H1 collaboration. Right: Invariant mass of the sum of Ξ^−π^− , Ξ^−π^+ and their antichannels measured by the NA49 collaboration.

to an improved signal to background ratio of 2:1 [36].

The COSY-TOF collaboration observed a peak in the invariant mass pK^0_s from the reaction pp → Σ^+θ^+ → (nπ^+)(K^0_s p) [15]. They found m( θ^+ ) = 1530 ± 5 MeV, width below 18 ± 4 MeV and S/ √ B = 5.9. They measure a cross section of 0.4 ± 0.1 ± 0.1 (syst) μb which is in rough agreement with predictions of 0.1-1 μb for p+p, p+n near threshold.

An analysis of old ν and ν interactions from old bubble chamber experiments filled with H, d, or neon, and beam energies of 40 or 110 GeV has resulted in a θ^+ peak in the invariant mass pK^0_s with m( θ^+ ) = 1533 ± 5 MeV, width less than 20 MeV and S/ √ B= 6.7 [13].

The CLAS collaboration used γ beam with energy about 95%(2.474-3.115) GeV on deuteron target and have observed a peak in the invariant mass nK^+ from the reaction γd → K^+K^−pn through missing mass measurement of the neutron [8]. They found m( θ^+) = 1542 ± 5 MeV, width of 21 MeV consistent with the experimental resolution, and S/ √ B = 5.2 ± 0.6.

In a later publication the CLAS collaboration used γ beam with energy 3-5.47 GeV on deuteron target and have observed a peak in the invariant mass nK^+ from the reaction γp → π^+K^−K^+n through missing mass measurement of the neutron (fig. 1, left) [10]. They observed evidence that the θ^+ is preferably produced through the decay of a new narrow resonance N^0(2400). They found m( θ^+) = 1555 ± 10 MeV, width less than 26 MeV and S/ √ B = 7.8 ± 1. This is the highest published significance obtained for the θ^+ from a single measurement.

A preliminary analysis of CLAS of the reaction γd → θ^+K^0 → (K^+n)K^0_s [37] shows two peaks in the invariant mass (K^+n) at 1523 ± 5 MeV and at 1573 ± 5 MeV both having a width of about 9 MeV and significance of 4, respectively of 6 σ. It is important that CLAS will clarify the reason for the shift of the lower mass peak position and why the second peak appears with the new cuts but not with the old ones in the previously studied reactions. The second peak is a candidate for an excited θ^+ state which is expected to exist with about ∼ 50 MeV higher mass than the ground

Pentaquarks: review of the experimental evidence 4

state, in agreement with the observation. A preliminary cross section estimate gives 5-12 nb for the low mass peak and 8-18 nb for the high mass peak. The above two peaks have been quoted also in [38].

CLAS has taken a large amount of data in 2004 which are now been analysed. First results have been quoted which confirm the previous θ^+ observations with new peaks in different channels, all near 1.55 GeV [39]. The ZEUS collaboration at DESY used e^+p collisions at √ s=300-318 GeV and have observed a peak in the invariant mass pK^0_s (fig. 1, right) [14]. They have observed for the first time the θ^− state decaying in pK^0_s . They found m( θ^+ + θ^−) = 1527 ± 2 MeV, width 10 ± 2 MeV.

The NA49 experiment has also reported recently a preliminary result of a peak observed in the invariant mass pK^0_s in p+p reactions at √ s=17 GeV with mass 1526 ± 2 MeV and width below 15 MeV [40]. They have also reported a preliminary evidence that the θ^+ peak appears more pronouned after assuming θ^+ production through the decay of a resonance N^0(2400) → θ^+K^− [41] as suggested by CLAS [10] and discussed in [42, 43].

NOMAD has shown recently preliminary results on the observation of a θ^+ candidate peak in the pK^0_s invariant mass using their full statistics of νA interactions, with a mean energy of the ν beam of 24.3 GeV [16]. The mass observed is 1528.7 ± 2.5 MeV and the width is consistent with the experimental resolution of 9 MeV. GRAAL has shown preliminary results on the observation of a θ^+ candidate peak in the pK^0_s invariant mass in γd → θ^+Λ^0 → (K^0_s p)Λ^0 interactions, using γ energy of maximally 1.5 GeV [44]. The mass observed is 1531 MeV while no error is given.

Most of the experiments measure a θ^+ width consistent with the experimental resolution, while two of them give a measurement of width somewhat larger than their resolution namely Zeus and Hermes. A measurement with a much improved resolution would be important.

Non-observation of θ^+ in previous experiments lead to an estimate of its width to be of the order of 1 MeV or less [45]. This limit would gain in significance, once the θ^+ non-observation by several experiments will be better understood, excluding other reasons for the θ^+ non-observation in the examined reactions.

Do the measured θ^+ masses vary as expected for a real state ? Figure 3 shows a compilation of the masses of θ^+ candidate peaks observed by several experiments. The statistical and systematic errors (when given) have been added in quadrature. For GRAAL we assume an error of 5 MeV as no error has been given in [44]. For the two preliminary peaks of CLAS we assume the systematic error of 10 MeV quoted previously by CLAS. The lines indicate the mean value of the mass among the θ^+ → pK^0_s and the θ^+ → nK^+ observations. It appears that the mass of θ^+ from θ^+ → nK^+ observations is systematically higher than the one from θ^+ → pK^0_s observations. This may be related to the special corrections needed for the Fermi motion and/or to details of the analysis with missing mass instead of direct measurement of the decay products.

All observations together give a mean mass of 1.533 ± 0.023 GeV and they deviate from their mean with a χ^2/DOF of 3.92. The χ^2/DOF for the deviation of the θ^+ → pK^0_s observations from their mean of 1.529 ± 0.011 GeV is 3.76. The χ^2/DOF for the deviation of the θ^+ → nK^+ observations from their mean of 1.540 ± 0.020 GeV is 0.94.

Pentaquarks: review of the experimental evidence 5

Figure 3. Compilation of measured masses of θ^+ candidates.

The bad χ^2/DOF for the θ^+ → pK^0_s observations maybe due to an underestimation of the systematic errors. In particular in some cases no systematic errors are given, sometimes because the results are preliminary. If we add a systematic error of 0.5% of the measured mass (therefore of about 8 MeV) on all measurements for which no systematic error was given by the experiments, we arrive to a χ^2/DOF for the θ^+ → pK^0_s observations of 0.95 and a mean mass of 1.529 ± 0.022 GeV. The χ^2/DOF for the θ^+ → nK^+ observations almost don’t change by this, (mean mass = 1.540 ± 0.022 GeV, χ^2/DOF =0.91), because the experiments mostly give the systematic errors for this decay channel. All observations together give then a mean mass of 1.533 ± 0.031 GeV and they deviate from their mean with a χ^2/DOF of 2.1, reflecting mainly the difference of masses between the two considered decay channels. It is important to understand the origin of this discrepancy. This can be studied measuring θ^+ → K^+n in experiments with direct detection of the neutron or the antineutron for the θ^− like PHENIX [46] and GRAAL.

θ^{++} A preliminary peak is quoted by CLAS [38] for the candidate θ^{++} → pK^+ produced in the reaction γp → θ^{++} K^− → pK^+K^− at 1579 ± 5 MeV. A previous peak observed by CLAS in the invariant mass pK^+ has been dismissed as due to ϕ and hyperon resonance reflexion [47].

The STAR collaboration quoted a preliminary peak in the pK^+ and pK^− invariant masses at 1.530 GeV, with S/ √ B ∼ 3.8 and width about 9 MeV, which is candidate for the θ^{++} → pK^+ as well as the antiparticle θ^{−−} → pK^− in d+Au collisions at √ s=200 GeV [48].

Ξ, N^0

Pentaquarks: review of the experimental evidence 6

The NA49 experiment has observed in p+p reactions at √ s=17 GeV the pentaquark candidates Ξ^{−−}(1862 ± 2M eV ) → Ξ^−π^−, the Ξ^0(1864 ± 5M eV ) → Ξ^−π^+ and their antiparticles [17] (figure 2, right). They measure a width consistent with their resolution of about 18 MeV. They also observe preliminary results of the decay Ξ^−(1850) → Ξ^0(1530)π^− with simarly narrow width as the other candidates [18]. The Ξ^{−−} is a candidate for the antidecuplet and the Ξ^0 too due to the small mass difference while it is unclear if the Ξ^−(1850) is from the octet or the antidecuplet. An observation of the Ξ I=1/2 from the octet in ΛK^0_s would answer this question. The non observation of a peak in the invariant mass Ξ^0(1530)π^+ is also an important information, as this decay channel is not allowed by SU(3) for the antidecuplet Ξ^+ [23].

Figure 4. Invariant mass ΛK^0_s measured by the STAR experiment.

The experiment STAR has shown preliminary results on a N^0 (udsds, udduu) or Ξ (udssd) I=1/2 candidate [20]. STAR uses minimum bias Au+Au collisions at √ s=200 geV and observes a peak in the decay channel ΛK^0_s at a mass 1734 ± 0.5 (stat) ± 5 (syst) MeV (fig. 4) with width consistent with the experimental resolution of about 6 MeV and S/ √ B between 3 and 6 depending on the method used [20].

They don’t observe a peak near 1850 - 1860 MeV resulting from a Ξ^0 I=1/2 (octet) pentaquark state with the same mass as the Ξ^−(1850) of NA49, disfavouring the picture of degenerate octet and antidecuplet even though a low branching ratio to ΛK^0_s may not allow to observe the peak with the present statistics. The GRAAL experiment has shown preliminary results on two narrow N^0 candidates. One candidate is observed at a mass of 1670 MeV in the invariant mass of ηn from the reaction γd → ηnX. The neutron has been directly detected. The other is observed at a mass of 1727 MeV in the invariant masses of ΛK^0_s as well as in the invariant masses of Σ^−K^+ at the same mass and with the same width [49]. The second reaction allows to establish the strange quark content and therefore to exclude the Ξ hypothesis. The difference of 7 MeV between the STAR and GRAAL measured masses of 1727 and 1734 MeV, should be compared to the systematic errors. STAR quotes a systematic error of 5 MeV while GRAAL quotes no systematic error.

The mass of the peaks at 1670 and at (1727,1734) MeV is in good agreement with the N masses suggested by Arndt et al [50]. In this paper a modified Partial Wave analysis allows to search for narrow states and presents two candidate N masses, 1680

Pentaquarks: review of the experimental evidence 7

and/or 1730 MeV with width below 30 MeV.

While the above mentioned narrow N^0 candidates of mass 1670 and 1727-1734 MeV fit well into the picture of the expected N and N_s pentaquark candidates, they can also be something else than pentaquarks, e.g. a new N^0=udd resonance, or a uddgg state.

θ^0_c The H1 collaboration at DESY used e^−p collisions at √ s=300 and 320 GeV and have observed a peak in the invariant masses D^{∗−}p and D^{∗+} p (figure 2, left) at a mass 3099 ± 3 (stat) ± 5 (syst) MeV and width of 12 ± 3 MeV [19]. The probability that the peak is a background fluctuation is less than 4 10^{−8}. Extensive systematic studies have been performed. The momentum distribution of the signal is as expected for a particle at this mass. This peak is a candidate for the state θ^0_c = uuddc and is the first charmed pentaquark candidate seen. The mass and width of the particle and it’s antiparticle are consistent.

3. Lack of observation of pentaquark candidates

Several experiments have reported preliminary or final results on the non-observation of pentaquarks e.g. e^+e^−: Babar, Belle, Bes, LEP experiments, pp: CDF, D0 pA:E690, eA: HERA-B, ep: Zeus (for the θ^0_c ) [51]. HERMES has reported the non-observation of a peak in the pK^+ invariant masses [12].

It has been argued that the non-observation of pentaquark states in the above experiments could be due to an additional strong suppression factor for pentaquark production in e^+e^− collisions, as well as in B decays which is lifted in reactions like γA in which a baryon is present in the initial state [42]. The constituents of the θ^+ are already present in the initial state of e.g. low energy photoproduction experiments, while in other experiments baryon number and strangeness must be created from gluons [42]. It is important to try to assess the expected cross sections. The CDF (pp) and E690 (pA) non observation of pentaquarks can be a consequence of the decrease of the pentaquark cross section with increasing energy [52, 53]. This depends however on the kinematic region considered, and it is suggested to look for pentaquarks in the central rapidity region [52, 53].

In addition, if the θ^+ is produced preferably through the decay of a new resonance N^0(2400) → θ^+K^− as suggested by CLAS and NA49 and as discussed in [42, 43], neglecting this aspect maybe a further cause of its non-observation in some experiments. Some authors point out the importance to exclude kinematic reflexions as reason behind the θ^+ peak [54]. This known source of systematic errors is investigated by the experiments which observe pentaquark candidates. Other authors discuss limits from the non observation of the Ξ(1860) peaks of NA49 by previous experiments [55].

It is clear that a higher statistic is desirable in order to confirm the pentaquark observations reported so far, as well as more measurements and searches by other experiments. New data taken in 2004 and planned to be taken in 2005 will lead to enhancements in statistics of experiments up to a factor of 15 allowing to test the statistical significance and make more systematic studies. Experiments searching for pentaquarks should test also the production mechanisms proposed in the literature

Pentaquarks: review of the experimental evidence 8

e.g. the θ^+ production through the N^0(2400) decay. For example Phenix could search for the final state θ^−K^+ or θ^−K^0_s demanding the invariant mass of θ^−K^0_s and θ^−K^+ to be in the range 2.3 to 2.5 GeV, and study the option to trigger online on this channel.

4. Summary and conclusions

Recent theoretical and experimental advances led to the observation of candidates for a number of pentaquarks states. In particular candidate signals have been observed for the θ^+_s (1533), θ^{++}_s (1530/1579), θ^0_c (3099), Ξ^{−−}(1862), Ξ^0(1864), Ξ^−(1850), N/Ξ^0(1734/1727), N^0(2400), N^0(1670) states as well as a possible excited θ^+_s (1573) state. These observations are very promising, however despite the large number of e.g. the θ^+_s observations, they all suffer from a low individual statistical significance and this is what really matters. A much higher statistics is needed to support and solidify the existing evidence. Several other experiments have reported lack of observation of those candidates. The inconsistency among experiments waits to be clarified through carefull high statistics measurements of pentaquark candidates, their characteristics (cross sections, quantum numbers) and upper limits in the case of non-observation. Furthermore, systematic studies are needed as well as advanced theoretical understanding of the observations and the reasons behind non-observations. Combined theoretical and experimental efforts should resolve the current puzzle and answer the question if we have discovered a new type of baryons, the pentaquarks.

[1] R Jaffe, F. Wilczek, Phys. World 17, (2004), 25.

K. Hicks, hep-ph/0408001. S.L. Zhu, hep-ph/0406204.

[2] K. Hagiwara et al., Phys. Rev. D 66 (2002) 010001.

S. Eidelman et al., (Particle Data Group), Phys. Lett. B 592, 1 (2004).

[3] H. Walliser, Nucl. Phys. A 548 (1984) 649. A. Manohar, Nucl. Phys. B 248 (1984) 19. H. J.

Lipkin, Phys. Lett. 45 B, (1973), 267. R. L. Jaffe, K. Johnson, Phys. Lett. B 60, (1976), 201. R. Jaffe, talk given in the topological conference on Baryon Resonances, Oxford July 5-9, 1976, Oxford Top. Conf. 1976, p. 455.

[4] M Preszalowicz, World Scientific (1987) 112, hep-ph/0308114. [5] D. Diakonov, M. Polyakov, V. Petrov, Z. Phys. C 359 (1997) 305.

[6] M. Aguilar-Benitez et al., (Particle Data Group), Phys. Lett. B 170, (1986), 289. J. Amirzadeh et al., Phys. Lett. 89B (1979) 125.

[7] LEPS Collaboration, (T. Nakano et al.), Phys. Rev. Lett. 91 (2003) 012002, hep-ex/0301020. [8] CLAS Collaboration, (S. Stepanyan et al.), Phys. Rev. Lett. 91, (2003) 252001. [9] SAPHIR Collaboration, (J. Barth et al.), Phys. Lett. B 572, (2003) 127, hep-ex/0307083. [10] CLAS Collaboration, (V. Kubarovsky et al.), Phys. Rev. Lett. 92, (2004) 032001, hep-ex/0311046.

[11] DIANA Collaboration, (V. Barmin et al), Phys. Atom. Nucl. 66, (2003) 1715, and Yad. Fiz. 66, (2003), 1763, hep-ex/0304040.

[12] HERMES Collaboration, Phys. Lett. B 585, (2004), 213, [hep-ex/0312044]. [13] A. E. Asratyan et al., Phys. Atom. Nucl. 67, (2004), 682, Yad. Fiz. 67, (2004) 704, hep-ex/0309042.

[14] ZEUS Collaboration, Phys. Lett. B 591, (2004), 7, [hep-ex/0403051]. [15] COSY-TOF Collaboration, Phys. Lett. B 595, (2004), 127, hep-ex/0403011. [16] L. Camilleri, NOMAD Collaboration, contribution to the ’21st International Conference on Neutrino Physics and Astrophysics’, Paris, 14-19 June, 2004.

[17] NA49 Collaboration, (C. Alt et al.), Phys. Rev. Lett. 92 (2004) 042003. [18] K. Kadija, talk presented in the Pentaquark 2003 Workshop, Jefferson Lab, November 6-8, 2003, Virginia, USA.

[19] H1 Collaboration, A. Aktas et al., accepted for publication in Phys. Lett. B, hep-ex/0403017. [20] S. Kabana et al, STAR Coll., Proceedings of the 20th Winter Workshop in Nuclear Dynamics, Jamaica, March 2004, hep-ex/0406032.

Pentaquarks: review of the experimental evidence 9

[21] R. D. Matheus et al, Phys. Lett. B 578, (2004), 323, hep-ph/0309001.

R. D. Matheus et al, hep-ph/0406246.

[22] R. L. Jaffe, F. Wilczek, Phys. Rev. Lett. 91 (2003) 232003, hep-ph/0307341. [23] R. L. Jaffe, F. Wilczek, Phys. Rev. D 69, (2004) 114017, hep-ph/0312369. [24] D. Diakonov, V. Petrov, [hep-ph/0310212]. [25] J. Ellis et al, JHEP 0405:002, 2004, hep-ph/0401127. [26] V. Guzey, Phys. Rev. C69, (2004), 065203, hep-ph/0402060. [27] Fl Stancu, hep-ph/0408042.

[28] L. Ya. Glozman, Phys. Lett. B 575, (2003) 18, hep-ph/0308232.

[29] M. Bleicher et al., Phys. Lett. B 595, (2004), 595. J. Letessier et al., Phys. Rev. C 68, (2003), 061901. F. M. Liu et al, hep-ph/0404156. F. Csikor et al., hep-lat/0407033.

[30] F. M. Liu et al, Phys. Lett. B 597, (2004), 333, hep-ph/0404156. [31] M. Karliner, H. Lipkin, Phys. Lett. B 575, 2004, 249, hep-ph/0402260. [32] H. Walliser, V.B. Kopeliovich, J. Exp. Theor. Phys. 97 (2003) 433, hep-ph/0304058. [33] M. Karliner, H. Lipkin, Phys. Lett. B 594, (2004), 273, hep-ph/0402008. [34] H. Weigel, Eur. Phys. J. A 21, (2004), 133.

[35] T. Nakano, LEPS Collaboration, contribution to the conference Pentaquarks 2004, Spring-8, July 20, 2004. http://www.rcnp.osaka-u.ac.jp∼penta04/talk/program new.html [36] K. Hicks, contribution to the conference Pentaquarks 2004, Spring-8, July 20, 2004. [37] M. Battaglieri, CLAS Collaboration, contribution to the workshop Pentaquarks, Trento, 10-12 February, 2004. http://www.tp2.ruhr-uni-bochum.de/talks/trento04/ [38] M. Battaglieri, CLAS Collaboration, contribution to the conference Pentaquarks 2004, Spring-8, July 20, 2004.

[39] S. Niccolai, CLAS Collaboration, contribution to the conference Pentaquarks 2004, Spring-8, July 20, 2004.

[40] K. Kadija, NA49 Collaboration, contribution to the conference Pentaquarks 2004, Spring-8, July 20, 2004.

[41] D. Barna et al, NA49 Collaboration, 3d Budapest winter school on heavy ion physics, 2003, http://www.hef.kun.nl∼novakt/school03/ [42] M. Karliner,H. Lipkin, Phys. Lett. B 597, (2004), 309, hep-ph/0405002. [43] Y. I. Azimov, I. I. Strakovsky, hep-ph/0406312.

[44] C. Schaerf et al., GRAAL collaboration, contribution to the conference Pentaquarks 2004, Spring-8, July 20, 2004.

[45] R. A. Arndt et al., Phys. Rev. C 68, (2003), 042201, nucl-th/0308012.

[46] C. Pinkenburg et al., Phenix Collaboration, Contribution to the Intern. Conference ’Quark Matter 2004’, Jan. 2004, nucl-ex/0404001.

[47] H. G. Juengst, CLAS Collaboration, nucl-ex/0312019.

[48] J. Ma, APS meeting, 5 Jan. 2004. S. Kabana, RHIC and AGS user’s meeting, BNL, 10-15 July 2004.

[49] V. Kouznetsov et al, GRAAL Collaboration, contribution to the workshop Pentaquarks, Trento, 10-12 February, 2004. http://www.tp2.ruhr-uni-bochum.de/talks/trento04/ [50] R. A. Arndt et al., Phys. Rev. C69 (2004) 035208, hep-ph/0312126.

[51] BABAR Collaboration, Contributions to the Intern. Conference on High Energy Physics (ICHEP 2004), Beijing, 16-22 August 2004, hep-ex/0408037 and hep-ex/0408064. I. Abt et al., HERA-B Collaboration, hep-ex/0408048.

T. Wengler et al., LEP results (Aleph, Delphi, L3, Opal), Contribution to the Intern. Conference 39th Rencontres de Moriond on QCD and High-Energy hadronic interactions, 28 March-4 April 2004, La Thuile, hep-ex/0405080. I. Gorelov et al., CDF Collaboration, hep-ex/0408025.

B. T. Huffman et al, D0 Collaboration, Fermilab-Conf-04/074-E, June 2004. R. Mizuk, Belle Collaboration, contribution to the conference Pentaquarks 2004, Spring-8, July 20, 2004.

E. Gottschalk et al, E690 Collaboration, contribution to the conference Pentaquarks 2004, Spring-8, July 20, 2004.

S. Armstrong et al., hep-ph/0312344. [52] D. Diakonov, hep-ph/0406043. [53] A. Titov at al, nucl-th/0408001.

[54] A. R. Dzierba et al., Phys. Rev. D 69, (2004), 051901, hep-ph/0311125. [55] H. G. Fischer, S. Wenig, hep-ex/0401014.